The automotive industry in Brazil is highly diversified in the production of vehicles (cars, trucks, buses, and light commercial vehicles). Since the 1970s, Brazil has experienced changes in the vehicle energy matrix, with the appearance of ethanol fuel as an alternative to oil. The use of ethanol produced from sugar cane, followed by biodiesel and modest advances in the use of electrical batteries in cars, has put the country on the path to energy sustainability. Currently, the technological innovations of the automotive industry have been concerned with developing electric and hybrid vehicles, as is the case with hybrid vehicles that are powered by hydrogen fuel cells or batteries (lead or lithium). The Brazilian automotive industry has thus contributed to the search for sustainability. It has a long way to go in that direction, however, because the use of diesel engines in trucks and buses accounts for the largest portion of air pollution in Brazilian cities. Brazilian legislation plays an important role in the quest for sustainability. More stringent legislation for reducing the emission of gaseous pollutants in all types of vehicles, and improvements in the enforcement of vehicle regulation, represent a huge leap forward in this regard. The efforts of the automotive industry in Brazil, along with technological developments, can contribute to the reduction of emissions of polluting gases, and the introduction of public transportation via trains, subways, and monorails that use electricity can do likewise. All of these are important contributions to the reduction of air pollution in Brazilian cities, and to the sustainability that we all so badly need.
INTRODUCTION
The automobile industry is highly diversified, and in Brazil there are conditions that allow it to develop in a sustainable way, combining economic growth, social inclusion, and environmental conservation.
The issue of sustainability concerns all countries and should be treated differently in each industrial sector, considering the specificities of each one. However, the are some elements in common, such as the search for efficiency in the use of resources and the need to increase industrial competitiveness.
Sustainable practices in each industrial sector must be implemented in the midst of supply chains, and there should also be incentives for companies to undertake initiatives of integrated management and coordinated action for more sustainable production.
According to the Brazilian National Confederation of Industries (CNI), the theme of sustainability is more than a matter of principle, and has become a necessity for global world society, for socio-economic and environmental stability, and for preserving the future of humanity (CNI, 2012) .
The automobile industry has the characteristics of a structured industry, introducing technologies and generating new economies in a wide field of activities. From the raw materials and inputs, to the supplier industries and assembly lines, to the subsequent marketing network and the end consumer, the automotive industry and its products have profound impacts on sustainability that can be seen in the social, media, economic environment.
The auto industry seeks sustainable models of operation in its industrial activities and the performance and use of its products, as well in as its socio-economic effects on the communities in which it is located (CNI, 2012).
In Brazil, there are public policies that aim to increase the efficiency of both new and used vehicles, and to diversify the energy matrix by using alternatives to fossil fuels (ethanol and biodiesel). There has also been considerable technological innovation by the automotive industry, in order to develop vehicles powered by electricity and to develop hybrids that combine electricity (hydrogen fuel cells and lead or lithium batteries) with other fuel sources (RIBEIRO AND REAL, 2006;  RIBEIRO AND ABREU, 2008; SILVA, 2011) .
In quantitative terms, according to data from the National Association of Vehicle Manufacturers (ANFAVEA), in 2015 about 2.5 million assembled vehicles (cars, light commercial vehicles, trucks, and buses) were produced in Brazil, a decrease of 29.4 % compared to the volume produced in 2014 (ANFAVEA, 2016). Even with this decline in production, a result of the current Brazilian political and economic situation, the automotive industry and the automotive market in Brazil are among the world's largest. Brazil is the world's fourth largest automotive market and world's eighth largest automotive producer (ANFAVEA, 2016) .
In this context, the present study has the objective of analyzing the measures adopted by the Brazilian automotive industry with regard to sustainability. The methodology consisted in bibliographical research by means of books, articles, and academic theses covering the Brazilian auto market, electric vehicles, and environmental pollution.
The economic, technological, sociocultural, and environmental transformations that society has undergone seem to indicate a change in the role of vehicles, which are considered responsible for the emission of carbon dioxide (CO 2 ) and its environmental and economic impacts.
LITERATURE REVIEW
This literature review aims to expound some concepts and information that will facilitate on understanding of the Brazilian automotive market and the issue of sustainability in Brazil.
The Brazilian Automotive Market
The Brazilian automotive industry is among the world's largest producers of vehicles. Automobile manufacturers in the country are responsible for the production of various types of vehicles, and most of these companies produce more than one product category. There are 20 vehicle manufacturers (cars, light commercial vehicles, trucks, and buses) and 7 producers of agricultural machinery (tractors, harvesters, and other vehicles) (ANFAVEA, 2016).
With regard to the situation in Latin America, the production and marketing of automotive vehicles has grown exponentially in recent years. In 2015, as stated earlier, Brazil sold 2.5 million domestic vehicle units, representing more than 36.1% of the existing motor vehicles in Latin America (Argentina, Bolivia, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, Venezuela, and Mexico) (ANFAVEA, 2016).
The automotive industrial complex and economic chain consists of the auto supply industry and vehicle and agricultural machinery manufacturers. It also develops automotive engineering and highly qualified staff, as well as marketing and service sectors covering the whole country. This chain of activity is shown in Figure 1 . The raw materials phase is comprised of companies responsible for the production of steel, plastics, rubber, glass, textiles, and paints. The auto parts phase includes companies from sectors that manufacture engines, transmissions, brakes, tires, wheels, chassis, and axles. The manufacturers produce and assemble cars, light commercial vehicles, trucks, buses, tractors and harvesters. Dealerships distribute vehicles to the end consumer and are the fourth stage of the economic chain. Finally, the service stage includes post-sales services, fuel distributors, insurers, banks responsible for vehicle financing, auto parts stores, and auto repair shops.
The Brazilian automotive industry has plants around the country, manufacturing both vehicles end products (such as auto supply industry products). In the case of vehicle and agricultural machinery manufacturers, their are 31 companies with 65 plants, based in 51 municipalities in 11 Brazilian states. These plants are found in the Central-South, Midwest, and North-Northeast regions, that is, in all regions of country, and have a total capacity of 4.5 million units of vehicles and 109,000 units of agricultural machinery (ANFAVEA, 2016).
This decentralization of automotive investments creates new local and regional economies, adding jobs, income, consumption, and quality of life in a virtuous circle, in addition to acting as a factor in local, regional, and national sustainability.
The Brazilian Vehicular Energy Matrix
Around the world there is now ongoing intense research and development with regard to innovation and technologies for the sustainability chains of vehicular energy matrixes involving fuels and vehicles (CNI, 2012).
In the area of fuels, new alternatives to fossil fuels are renewable biofuels, synthetic fuels, and fuel cells. In the engine area, there are current developments aimed at greater energy efficiency for internal combustion engines, hybrid vehicles, and electric motors.
In the current Brazilian fleet, flex-fuel and gasoline-only vehicles predominate,. The introduction of electric and hybrid vehicles, especially purely electric vehicles, requires investment in infrastructure and technology, and is highly dependent on government incentives.
According to the CNI (2012), the global vehicular energy matrix tends to be multiple, with a predominance of one form or another according to the resources available in each region and the automotive consumption scale. In Brazil, in the short and medium term, technical and economic feasibility favors the combustion engine, with the use of oil products and of biofuels such as ethanol and biodiesel. There are individual cases of the use of hybrid or electric vehicles in certain niches, generally for company and institutional fleets.
With regard to ethanol fuel, Brazil is a world pioneer in the large-scale use of renewable biofuel for powering vehicles.
In 2015, the Brazilian fleet of domestic and imported automotive vehicles totaled 2,121,956 units, 6.31% of which driven only by gasoline, 92.31% flex-fuel vehicles, powered by gasoline and ethanol, 1.33% units driven by diesel and electric vehicles, account for only 0.04%.
The technological, economic, and social effects of this activity are great, and include the development of new technologies, job creation, and improvement in family income, as well as increased consumption and quality of life in regions where renewable fuel is produced. The automotive industry itself also benefits from the production of flex fuel vehicles (CNI, 2012). Alongside these socioeconomic benefits are the environmental benefits of the production and consumption of ethanol, with the reduction of CO 2 emissions in the atmosphere.
Brazil has also begun to develop the Biodiesel Program and started to add 5% biodiesel (esterified vegetable oil, renewable biomass) to diesel fuel consumed by freight transport and passenger vehicles within the country. According to the CNI (2012), this program can transform the sustainable economic chain, with strong economic, social, and environmental consequences, particularly with regard to social inclusion through family agriculture in the production of raw materials for fuel. Furthermore, the program can have positive effects on environmental balance and the generation of new economies in the country's interior regions.
Automotive products have long life cycles, and this represents significant impacts on society in terms of environment, urban mobility, traffic safety, and sustainability.
Continuous investment in vehicle innovation has become crucial with regard to engines and alternative fuel technologies, as well as with regard to the actual design and overall performance of automotive products.
In the case of emissions, light and heavy Brazilian vehicles must comply with the appropriate legislation, resulting in the reduction of carbon monoxide (CO), hydrocarbons (HC), nitrogen oxide (NOx), total aldehydes (CHO), and particulate matter (PM).
On May 6, 1986 1980 (CNI, 2012) .
Despite the reduction in levels of pollutants, it is necessary to stimulate alternative sources of energy to reduce the use of fossil fuels, using electric vehicles (cars, trucks, buses, light commercials vehicles), increasing the biodiesel and ethanol participation in the composition of fossil fuels and promoting tax incentives for the production of electric vehicles in Brazil.
Industrial Matrix
Environmental issues should be one of the pillars of the sustainability of the industrial matrix of the automotive sector, together with the ecology of its products. Systems, processes, and management for improved environmental quality, with clean production processes, economizing of resources, waste reduction, and treatment and reduction of waste, as well as competence and productivity gains in companies, are the basis for sustainability in businesses.
With regard to the environmental issues relevant to the automobile industry, key indicators show a reduction in input consumption per vehicle produced. Also relevant is the reduction of greenhouse gases. This scenario is complete with waste and recycled waste indicators (CNI, 2012).
The main forms of waste in the automotive industry are shown in Table 1 .
MATERIAL GENERAL PROCESS Scrap metal
Separation, transport, recycling Oils and paints Storage, recycling, co-processing Hazardous waste Storage,co-processing, incineration Inert waste Recycling, industrial landfills Waste policies and the principles of environmental and social sustainability adopted by the assembly plant industry permeate all supply chains prior and subsequent to assembly lines, aligning suppliers of raw materials and intermediaries, as well as logistics and dealers which must operate based on principles of green economy, with clear targets and goals.
Vehicle production needs move toward innovations and technologies that enhance the environment, urban mobility, and traffic safety, and its projects should emphasize compact cars, energy efficient engines, lower consumption, lower emissions, and the use of alternative fuels (CNI, 2012).
Electronics, computing, and connectivity, in many different forms, are and will be a growing presence in vehicles, activating them and powering them, defining routes, and providing greater drivability, along with time and resource savings, traffic safety, and environmental quality. New materials and nanotechnology make vehicles lighter and also more recyclable at the end of their life cycle.
Sustainability and automotive sector
Discussions of sustainability, which cite the pursuit of resource use in the short term without compromising long-term needs and the conditions for future generations (WCED, 1987) , have also been relevant to the discussion of the role of businesses. This is because businesses are in possession of great economic, social, and political power, and can influence to a large extent the contexts in which they operate (HART, 2007) .
The role of the automobile industry in this context is and must be relevant. It is industry's task to develop and produce technologically suitable vehicles that promote the reduction of fuel consumption, emit lower levels of emissions and noise, use alternative fuels, and that are able to operate within the required vehicle safety standards (CNI, 2012).
The transport sector is responsible for 25% of primary energy consumption worldwide (FAPESP, 2007) and accounts for more than a quarter (28%) of CO 2 emissions in Europe (COMISSÃO EUROPEIA, 2001).
The issue of greenhouse gas emissions from cars is considered to be one of the current problems which has led the automotive industry to seek the improvement of internal combustion engine efficiency (motivated by the reduction of CO 2 emissions), and to develop vehicles powered by alternative energy sources such as alternative fuels (natural gas, biodiesel, ethanol), electricity (battery, solar, hybrid, fuel cells), hybrid energy sources, and hydrogen cells (GOLDSTEIN AND AZEVEDO, 2006) .
Involving the auto industry in issues of sustainability such as green buildings, eco-design, green supply chains, green manufacturing, reverse logistics, and innovation, is necessary and urgent (NUNES AND BENNETT, 2010).
There are studies that point to factors that decisively influence the issue of sustainability in the automotive sector, among the main ones being innovation (TRIEBSWETTER AND WACKENBAUER, 
FINAL CONSIDERATIONS
An understanding of the Brazilian automotive market and its main challenges with regard to sustainability is critical to the development of public policies relevant to the most dynamic sector of the Brazilian economy. The domestic auto industry is the driver of a large industrial complex formed by industry, automotive suppliers, raw materials and products, recycling, and final disposal. It involves industry and the service sector, employing thousands of workers and generating millions in taxes at all levels of government. The vehicle energy matrix in Brazil stands out in its use of ethanol and, to a lesser extent, biodiesel. The Brazilian car fleet includes mainly flex-fuel vehicles, as well as gasoline-only cars and vehicles that run exclusively on biofuels. The introduction of electric and hybrid vehicles is still negligible compared to the total number of vehicles in circulation. The widespread use of such vehicles requires investments in infrastructure and technology, and is dependent on government incentives. Although new vehicles meet the requirements of the legislation in terms of pollution, the Brazilian fleet is old and highly polluting, with the emission of gases that cause the greenhouse effect.
The Brazilian automotive industry matrix has sought to advance the use of technologies that allow for the substitution of oil, centering on engines in the case of ethanol cars. As for light commercial vehicles, and trucks and buses that use fossil fuels (diesel), the solution has been the use of biodiesel mixed with diesel, but on a small scale. The biggest problem in this is case a fleet of vehicles (light commercial vehicles, buses, and trucks) which is quite old and uses only diesel as fuel. This fleet needs to be replaced or, at least, the effects of these vehicles need to be mitigated with the introduction of catalytic converters and other mechanisms for the reduction of CO 2 emissions.
In the discussion of energy sustainability and use of urban vehicles, the automotive industry is key to the search for solutions for transporting people and freight. The growth of cities and of population requires rethinking the use of all types of transport, and specifically the use of fossil fuel. The pursuit of sustainability requires the involvement of all stakeholders (government, consumers, and industry). The automotive industry in particular is responsible for producing vehicles that are necessary for modern life in cities across the globe, but at the same time the vehicles it produces are the main source of pollution of the cities in Brazil and around the world.
